ABSTRACT Forensic entomology is a discipline that mainly uses insects collected in and around corpses to estimate the post-mortem interval in medicocriminal investigations. Among all scavenger and necrophagous insect groups that are related to corpses, blow ßies (Diptera: Calliphoridae) are probably most important, not only because they occur in abundant numbers but also because they are one of the earliest groups to Þnd corpses. However, most entomological evidence is strongly dependent on accurate species identiÞcation. Because identiÞcation allows the proper developmental data and distribution ranges to be applied in criminal investigations, species in Taiwan were surveyed from early 2000 and were identiÞed using molecular data. Currently, eight species have been identiÞed: Chrysomya megacephala (Fabricius), Chrysomya pinguis (Walker), Chrysomya rufifacies (Macquart), Hemipyrellia ligurriens (Wiedemann), Lucilia bazini Sé guy, Lucilia cuprina (Wiedemann), Lucilia hainanensis Fan, and Lucilia prophyrina (Walker). We focused on classifying these blow ßy species to establish a knowledge basis for further forensic entomological research in Taiwan. Because molecular data are helpful in identifying insect specimens, especially when no specimen of suitable condition for morphological identiÞcation is obtained, we extracted mitochondrial cytochrome oxidase subunit I (COI) DNA of the preceding blow ßy species to study its application value for their differentiation. The cloning and sequencing of the COI gene (Ϸ1,588 base pairs) of these eight species were completed, and the data were analyzed. Preliminary results revealed the high support of congeneric groupings of species by using COI data; these sequences were also shown to be highly conserved within the same species. To actually use the database of COI sequences under various specimen conditions, speciÞc primers were also applied for different insect stages, different segments of adults, and specimens preserved for various times. A molecular primer key was ultimately constructed for the purpose of rapid and accurate species identiÞcation at the molecular level regardless of which stage or which part of a blow ßy specimen is collected.
FORENSIC ENTOMOLOGY IS the application of the study of insects and other arthropods to legal issues; and the most common use of entomological evidence in medicolegal investigations is determining the time (postmortem interval), manner, or location of death (Catts and Goff 1992) . After decades of efforts (Smith 1986 , Catts and Haskell 1990 , Erzinclioglu 2000 , Goff 2000 , Byrd and Castner 2001 , the acceptance of insects as indicators of a variety of critical forensic parameters has steadily increased over the past few years (Haskell et al. 2001) , and forensic entomology is beginning to be better understood and accepted by the general public. The entomological evidence is now generally included in standard operating procedures of up-todate crime scene investigations (Eliopulos 1993) . Among scavenger and necrophagous insect groups that are related to corpses, the blow ßies (Diptera: Calliphoridae) are probably most important not only because they occur in abundant numbers but also because they are one of the earliest groups to Þnd corpses (Bornemissza 1957 , Reed 1958 . However, the proper identiÞcation of insect species of forensic importance is the Þrst step and the most crucial element in forensic entomology. Species identiÞcation allows the proper developmental data and distribution ranges to be applied in an investigation. If a species determination is incorrect, the estimated post-mortem interval and other inferences will be invalid (Byrd and Castner 2001) .
The Calliphoridae is a large group in the Diptera, and Ͼ1,000 species in Ϸ150 genera are recognized worldwide (Shewell 1987) . The genus level classiÞ-cation of Calliphoridae is primarily based on external adult characters (Rognes 1991) , whereas identiÞca-tion at the species level is otherwise highly dependent on the morphology of the male genitalia, especially the aedeagus (or phallus) (Fan 1997) . Even though some diagnostic keys have been proposed using external adult morphologies (Kano and Shinonaga 1968) , the species reconÞrmation by inspecting male genitalia is nevertheless necessary. This sometimes causes problems in death investigations, because a complete male specimen is not necessarily obtainable at a death scene; furthermore, the dissection, examination, and identiÞcation of genitalia are certainly difÞcult for a person without taxonomic training. However, maggots, the calliphorid larvae, are almost always abundant on and around corpses, but due to the lack of obvious diagnostic characters, it is much more difÞcult to identify collected larval specimens to the species level. Although species diagnostic characters have been proposed for immature stages of some calliphorid species (Liu and Greenberg 1989 , Greenberg and Kunich 2002 , no comprehensive key covering all stages of forensically important species is available at present . Generally, the easiest solution to the preceding problem is to rear those larvae to their adult stages to permit identiÞcation with greater certainty. But in that case, it is critical to provide proper rearing conditions. Although general methods of the laboratory rearing of forensic insects were reviewed by Byrd (2001) , no unique rearing condition or formula can be guaranteed to meet the requirements for completing all immature stages for each species. Under such circumstances, forensic entomologists are at the risk of losing their evidence.
Another method in forensic science, DNA proÞling, is becoming a common practice in routine use in crime detection in many countries due to the sensitivity and discrimination of the molecular techniques (Evett and Weir 1998) . Although there is still controversy associated with certain issues with DNA evidence used in courts, some efforts have been made to facilitate the acceptance of DNA analyses and evaluation in the courtroom (Committee on DNA Forensic Science 1996). We believe that the same situation and the same trend should exist for the use of molecular methods in forensic entomology. DNA-based analysis in forensic entomology is not only technically advantageous but also resolves the identiÞcation problems discussed above, especially regarding species judgment when no suitable specimen for morphological identiÞcation is obtained. Some molecular-based studies related to blow ßy species have been proposed in the past few years (Sperling et al. 1994 , Azeredo-Espin and Madeira 1996 , Benecke 1998 , Vincent et al. 2000 , Wallman and Donnellan 2001 , Harvey et al. 2003 .
The local fauna of necrophagous insects in most cases is important for explaining entomological evidence. Because different succession patterns, geographic distributions, climates, and elevations can affect the composition of the insect fauna, the survey of the insect fauna of every local area has become a necessary initial step in forensic entomological studies. The Taiwanese fauna could be treated as a representative model of the forensic insect fauna for the Oriental region and is probably suitable for application in nearby tropical and subtropical regions. Therefore, a species survey was initiated in early 2000 in the Taipei area, and species identiÞcation by using molecular data were preformed. Currently, at least six dominant blow ßy species of forensic importance have been found in northern Taiwan: Chrysomya megacephala (Fabricius), Chrysomya pinguis (Walker), Chrysomya rufifacies (Macquart), Hemipyrellia ligurriens (Wiedemann), Lucilia cuprina (Wiedemann), and Lucilia prophyrina (Walker). And two additional species of Lucilia bazini Sé guy and Lucilia hainanensis Fan from southern Taiwan were also included in this study. We therefore focused on the identiÞcation and classiÞcation of these species so as to establish a knowledge basis for further forensic entomological research. However, most recent related studies only concentrated on descriptively comparing sequence data, and few quantitative analyses have been documented. The main problem of using molecular data is that sometimes we cannot obtain enough DNA amounts from various sample conditions for polymerase chain reaction (PCR) reactions. Due to the importance of quantitative molecular data in criminal investigations, minimal applicable amounts of DNA content from different body segments of adults and different immature stages, as well as with different sample preservation methods and times were also determined in this study.
Materials and Methods
Insect Collection and Rearing. A general survey of forensically important blow ßies was conducted in the Taipei area (northern Taiwan) from early 2000 Ð2002. Adult ßies and maggots were collected using a trap modiÞed from that of Upton (1991) . In brief, two plastic jars were fastened together, with a paper cone attached between them leading the ßies to the upper jar. Some openings were cut in the upper jar to maintain air circulation; the lower jar has two entry slots, and meat (pork) was placed in the bottom. Traps were fastened at a height of Ϸ20 Ð30 cm off the ground, out of direct sunlight, and were used to collect insects for 2Ð3 d. The adult ßies captured in upper jars were mostly preserved in a 95% alcohol solution for DNA analysis; some dried male specimens were used for species identiÞcation. Male genitalia were dissected and examined under a stereomicroscope (MZ125, Leica, Heerbrugg, Switzerland) after being boiled in a 15% KOH solution for 15 min; genitalia were preserved in microvials of glycerin for further examination. Maggots in the lower jars were reared to establish our laboratory colonies.
Maggots from the lower jar were reared on an artiÞcial diet, consisting of a mixture of Þsh meal/yeast/ agar/water of 8 g:2 g:0.2 g:30 ml, in a 22 by 17.5 by 2.5-cm plastic plate; detailed rearing methods follow those of Hung (1995) . Mature third instars were transferred onto sawdust for pupation. Adults were identiÞed 5 d after emergence, and some males and females of the same species were kept in a 30-cm 3 rearing cage to allow mating. A mixture of milk powder and sugar as well as sugar water was provided as food sources for the adults. Pork liver was used to induce females to lay eggs. All rearing was performed in a growth chamber at 28ЊC, 80% RH, and a photoperiod of 12:12 (L:D) h.
DNA Extraction. Samples were prepared for DNA extraction by using the method described by Hung et al. (1999) with slight modiÞcation. Each adult blow ßy specimen was dissected into Þve parts: the head, thorax, wings, legs, and abdomen. In addition, DNA was also prepared from different immature stages of C. megacephala and C. pinguis, including eggs, Þrst, second, and third instars, pupae, and puparia (for detailed specimen data, see Tables 1 and 2 ). All DNA samples were prepared and extracted from January to March 2002. Each blow ßy sample was put into an Eppendorf tube containing 1 ml of DNA extraction buffer (1 M Tris-HCl [pH 8.0], 0.5 M EDTA, 5 M NaCl, 1% N-lauroylsarcosine) and homogenized using a plastic rod. After incubation at 55ЊC for 1 h, the sample was centrifuged at 4,000 ϫ g for 5 min. The supernatant was collected, treated with 1% hexadecyltrimethyl-ammonium-bromide, and incubated at 65ЊC for 10 min. The sample was subjected to one cycle of chloroform/isoamyl alcohol (24:1) extraction, and the aqueous supernatant was then clariÞed by an additional cycle of phenol/chloroform/isoamyl alcohol (25:24:1). The nucleic acids were precipitated by mixing 600 l of the supernatant and 360 l isopropanol followed by centrifugation at 12,000 ϫ g for 10 min. Pellets were washed with 70% ethanol, dried, and resuspended in 150 l of TE buffer (10 mM Tris-HCl [pH 8.0], 1 mM EDTA).
To determine the detection limit of the template DNA concentration for PCR, a series of sequential dilutions were preformed. Amounts of DNA for each sample were determined using a spectrophotometer (GeneQuant II RNA/DNA calculator, Amersham Biosciences Inc., Cambridge, UK). To study the effect of different preservation methods on DNA extraction, DNA was respectively extracted from dried and pinned, 95% ethanol-preserved and fresh samples.
PCR Amplification, DNA Cloning, and Sequencing. Two opposing primers were selected for the PCR cloning of the gene of cytochrome oxidase subunit I (COI) from published nucleotide sequences of the COI gene of the primary screwworm, Cochliomyia hominivorax (Coquerel) (GenBank accession no. AF260826). The primer pair, composed of the forward primer (named CCOI-F) of 5Ј-GTC TAT TGC CTA AAC TTC AGC C-3Ј and the reverse primer (named CCOI-R) of 5Ј-CCA TTG CAC TAA TCT GCC A-3Ј, was designed to amplify a 1.6-kilobase COI-speciÞc fragment by PCR. PCR was performed using 25 l of reaction mixture containing 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 4 mM MgCl 2 , 0.2 mM each of dATP, dTTP, dCTP, and dGTP, 50 ng of forward primer, 50 ng of reverse primer, 0.75 U of TaqDNA polymerase (Invitrogen, Carlsbad, CA), and 200 ng of template of the nucleic acid preparation. The thermal cycle conditions were 1 cycle at 94ЊC for 3 min; 30 cycles at 94ЊC for 1 min, 56ЊC for 1 min, and 72ЊC for 2 min, followed by a 72ЊC extension for 10 min. Reactions were carried out on a GeneAmp PCR System 2400 apparatus (Applied Biosystems, Foster City, CA).
PCR products were cleaned using a High Pure PCR Product PuriÞcationkKit (Roche Diagnostics, Indianapolis, IN) and then were transformed by a TOPO TA Cloning kit (Invitrogen). A QIAprep Miniprep kit (QIAGEN, Hilden, Germany) was used to prepare the recombinant plasmid. DNA sequencing was carried out using an ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction kit (PerkinElmer Instruments, Norwalk, CT), and samples were analyzed on Table 6 .
Phylogenetic Analysis. Sequences of eight Taiwanese blow ßy species with three additional published sequences of C. megacephala (source locality: Papua New Guinea; GenBank accession no. AF295551) , C. rufifacies (Florida; AF083658) (Wells and Sperling 1999) , and L. porphyrina (Japan; AY074900) (Wells et al. 2002) were gathered as the input data set. Sequences were aligned manually and by using the software GeneDoc, version 2.6.002 (Nicholas and Nicholas 1997) . Phylogenetic analyses were performed using PAUP* 4.0 beta 10 (Swofford 2002) . Maximum parsimony (MP) and maximum likelihood (ML) analyses were performed using a heuristic search method. Bootstrap analyses with 1,000 replicates were also conducted to access the strength of support in the data set for those groupings found by MP and ML. Drosophila yakuba Burla was used as the outgroup in this analysis followed that of Sperling et al. (1994) . In addition, the pairwise uncorrected ("p") distances of COI sequences between any two blow ßy populations were calculated using PAUP* 4.0.
Design of Specific Primers. Eight speciÞc primers for PCR-based differentiation of the eight blow ßy species were designated from the sequences of C. megacephala, C. rufifacies, C. pinguis, L. cuprina, L. porphyrina, and H. ligurriens. Primer pairs used the forward primers Chr-S88 F, Cr-S102 F, Cp-S491 F, Lc/Hl-S398 F, and Lpo-S1228 F, which were speciÞc to the genus Chrysomya, to C. rufifacies, to C. pinguis, to L. cuprina or H. ligurriens, and to L. porphyrina, respectively; these were paired with the reverse primer CCOI-R (see Table 6 for detailed sequence data). An additional four primer pairs speciÞc to L. bazini, L. cuprina, L. hainanensis, and H. ligurriens were also designated to amplify their DNA fragments by PCR.
Results and Discussion
General Survey of Blow Fly Species of Forensic Importance in Taiwan. A preliminary survey showed that at least six dominant species occur in northern Taiwan: C. megacephala, C. rufifacies, C. pinguis, L. cuprina, L. prophyrina, and H. lingurriens. In addition, two species of L. bazini and L. hainanensis from southern Taiwan (Kaohsiung County) were also recorded and included in our studies. However, whether these two species have forensic signiÞcance needs further investigation. Among these species, C. megacephala, C. pinguis, and C. rufifacies are the most common species that were captured in each of our sampling sites. Species of Lucilia and H. lingurriens otherwise showed restricted distributions. However, the reason for this is unknown; determining whether the ßies have species-speciÞc habitats and distributions, or whether the result is just a bias of our trapping method, requires further evaluation. Although the trapping results cannot completely reßect the overall carrion insect fauna, this method can partially overcome the sanitation problems of using the whole animal carcasses during treatment. Moreover, this trapping method can also be used as an ideal resampling tool especially at a death scene. According to Fan (1997) , all the dominant blow ßy species we captured are necrophagous. They are all highly forensically important and also widely distributed in tropical and subtropical Asia. Furthermore, C. megacephala, C. rufifacies, and C. pinguis can be found year round, but L. porphyrina, another abundant species, only occurred in spring and autumn; these preliminary observations also agree with those of Kurahashi (1987) and Fan (1997) . The trapping method we used in our studies was proved to be efÞcient in collecting blow ßy samples, and we thought it is probably also reliable for collecting entomological data of forensic importance, at least in the early stage after death has occurred.
Insect Rearing and Laboratory Colony Establishment.
Four blow ßy species of C. megacephala, C. rufifacies, C. pinguis, and L. prophyrina were successfully colonized in our laboratory. The goal of rearing blow ßy species in our studies was to correctly connect the adults with the immature stages. Since most immature stages of members of the Calliphoridae have no distinct diagnostic morphological characters, the rearing of a stock of a single species is the only way to obtain immature samples with no confusion as to species recognition. The medium we used to rear larvae in this study basically followed the formula of Hung (1995) ; however, that formula was originally prepared for the mass rearing of C. megacephala for pollination purposes. Our results match his in that C. megacephala could easily be colonized with this rearing method. We obtained high emergence rates and many eggs were laid, but the effects on the other three species were otherwise not dramatic. We suspect that substances or factors that stimulate egg laying may play an important role in this mass-rearing protocol. Further experiments will be helpful to clarify this point.
PCR Amplification and Sequencing. Male adult specimens of these eight blow ßy species were used for DNA extraction and COI sequences analysis in this study. Newly sequenced data of the COI region were deposited in the GenBank database (see Table 1 for accession numbers). A total of 1,588 base pairs (bp) of the COI region was recovered using the newly designed speciÞc primer pairs (for primer sequences, see Table 6 ), except for H. ligurriens for which only a short sequence deletion of 9 bp occurred. To detect if gender or different parts of adult specimens affected the results of PCR, female adults and their dissected body segments were also examined. The results showed that the expected sequence fragments of 1588 bp from both genders and from all body segments tested, including the head, thorax, abdomen, legs, and wings, could be stably ampliÞed (Fig. 1A) . This reveals that the DNA method can be used as a reliable tool to identify female specimens that are hard to distinguish by traditional morphological methods. Additionally, any body seg- ment can be used to determine an organism to the species level when no complete male specimen is available. To evaluate the use of PCR-based identiÞ-cation methods for immature specimens, we also performed the tests on samples from a single egg, larva, pupa, and puparium, respectively. The results showed that all fresh immature samples presented ideal PCR products compared with samples from the head of their male adult (Fig. 1B) . Even a single egg is sufÞ-cient to obtain a satisfactory PCR result. However, when applied to criminal investigations, the sample conditions must be addressed. We frequently only are able to collect incomplete insect specimens from death scenes. Furthermore, sometimes only broken body fragments can be obtained, for example, a broken wing or leg. In this situation, the quantity of a sample is a problem that should not be overlooked. Figure 1C shows PCR products in a sequential dilution of genomic DNA from the thorax of an adult male C. megacephala. The highest dilution, the minimum required DNA concentration, and the total DNA amount for PCR ampliÞcation were carefully studied using both adult and immature specimens of C. megacephala. Results are given in Table 3 , and we found that the egg and puparium of the immature stages, and the wing in the adult were the three most difÞcult samples to use for DNA extraction and should be handled with extreme care in treatment. It is interesting that the highest total DNA amount could not guarantee acquisition of the highest sample dilution in PCR. We suspect that some nontarget DNA was included during sample preparation, which was probably caused by contamination from food or symbiotic organisms. Further investigations are required to clarify this point. However, this does not affect our results of using molecular data for identifying calliphorid species, and the total extracted DNA amount is nevertheless a useful index to approximately estimate the sample quality. However, preservation methods of insect evidence during investigations are sometimes crucial to sample quality. Traditionally, adult insect specimens were preserved by drying and pinning or simply kept in an alcohol solution, whereas larvae were usually deposited in an alcohol solution or other preservatives. However, the process of dehydration, different constituents of preservation solutions, or the preservation time can affect the quality of ßy samples, especially those used for DNA analysis. Therefore, we performed a preliminary test to evaluate the effects of different methods of drying and ßuid preservation after various preservation periods on the results of molecular identiÞcation. The results are given in Table 4 . Generally, the longer the sample was preserved, the less DNA that could be extracted. Among all of our analyses, wings in every condition produced a smaller amount Fig. 2 . Phylogenetic tree of eight calliphorid species from Taiwan (TW) and other localities reconstructed using PAUP* by unweighted heuristic searches of ML and MP. Tree topologies constructed using ML and MP were identical. Numbers above and beneath branches refer to the bootstrap support values based on 1,000 replicates for ML and MP, respectively. Drosophila yakuba is included herein as an outgroup. of DNA, and they seemed to be a less-reliable sample source for extracting sufÞcient DNA for species identiÞcation. Otherwise, the thorax with the highest extracted DNA amount is recommended for obtaining better DNA data by using our protocol.
COI Analysis. The sequence analysis was based on Ϸ1,588 bp of the COI region. The similarity matrix in Table 5 indicates that differences in the COI sequences among different species and different local populations are actually slight. Tree topologies constructed using maximum parsimony and maximum likelihood were identical. Figure 2 shows the phylogenetic relationships of the eight forensically important calliphorid species from Taiwan and other localities. The preliminary results reveal that the genetic relationships of the two main groups of Chrysomya and Lucilia were relatively widely separated. The high support for congeneric grouping of species by using COI data were conÞrmed herein (where the bootstrap values for grouping Chrysomya species and Luciliarelated species are up to 100 and 98, respectively), and this also agrees with results from other molecular data in previous work (Stevens and Wall 2001 , Wallman and Donnellan 2001 , Harvey et al. 2003 . We thought that the intergeneric relationships between forensically important blow ßies could easily and clearly be established at this moment. However, the same species from different localities were otherwise closely grouped, and sequence differences consisting of only a few base pairs were observed. This result strongly demonstrates not only the potential utility of the COI sequence in interspeciÞc discrimination but also indicates that this sequence is probably not suitable for use with intraspeciÞc studies, especially for dividing different local populations within the same species. In addition, H. ligurriens is a species worthy of special attention. Hemipyrellia ligurriens and L. cuprina were grouped together with high bootstrap support in our result. Even though some members in the genus Hemipyrellia were previously removed from genus Lucilia (the type species, Hemipyrellia curriei Townsend 1918, was originally Fig. 3 . Molecular primer key of eight forensically important blow ßies from Taiwan. The dashed lines indicate the PCR product with the expected size; solid lines refer to no PCR product being ampliÞed, and was subject to the following test. The speciÞc primer pairs used as the key characters and their expected sizes for PCR products are given above and beneath the branches. Table 6 . Primers used to amplify the entire COI region of blow flies and species-specific primers for separating different species designated Lucilia fernandica Macquart 1855; Kurahashi and Chowanadisai 2001), the result still implies the close relationship between these two genera. Fan (1997) also mentioned that these two genera have both very similar morphologies and habitats. We therefore suggest that it is necessary to perform a more-detailed taxonomical revision to further understand the generic status of Hemipyrellia and Lucilia. Finally, bootstrap values showed that the resultant relationships in our analysis were very stable except for the two species of L. bazini and L. hainanensis; however, more Þeld samples of these two species are needed to conÞrm this point.
Specific Primers and a Molecular Primer Key. A diagnostic key, one of the most important functions of taxonomy, provides an accurate, quick, and easy way to identify organisms (Quicke 1993) . Hall (1970) pointed out the factors that inßuence the efÞciency of a key, including the ease with which characters can be examined, the reliability of their interpretation, and the number of questions that need to be answered to identify an average taxon. Molecular characters are actually well deÞned; with speciÞc primer sequences, one can easily answer the questions by using a dichotomous key to directly test and observe PCR products. Under the consideration of constructing an easy-touse and unambiguous diagnostic method, we decided to design a molecular primer key by using the preceding species-speciÞc primer pairs as given in Table 6 . Figure 3 shows a typical dichotomous key with speciÞc primer sequences as the key characters. Using special combinations of primer pairs, we were able to efÞciently identify an unknown sample to species level using only two to four steps of PCR reactions. The paperwork of this key design was proven to work well with actual blow ßy samples after a series of experiments. Figure 4 is an example that successfully separates three Chrysomya species step by step using our molecular primer key. Moreover, these primer pairs can be used in a more efÞcient way, for example, by using multiple primer pairs at the same time to further shorten the time to perform several PCR reactions. However, this molecular primer key was only proved to be applicable to limited species in restricted areas of Taiwan so far, more intensive studies with more specimens from other localities are needed to further ensure its validity.
In conclusion, COI gene has been widely studied, and is informative across a broad range of divergences in insects (Caterino et al. 2000) . This fact can also be applied to the family Calliphoridae. GenBank now boasts data on Ϸ326 nucleotide sequences from different blow ßy species; and among them, 85 sequences belong to the COI gene. From the point of view of insect systematics, more coordinated work on gathering homologous sequence data are needed to facil- Fig. 4 . PCR products from the heads of male adults of eight blow ßy species using Chr-S88 F/CCOI-R (A), Cr-S102 F/CCOI-R (B), and Cp-S491 F/CCOI-R (C) primer pairs. M, 100-bp DNA ladder. Lanes 1Ð8: C. megacephala, C. pinguis, C. rufifacies, L. cuprina, H. ligurriens, L. porphyrina, L. hainanensis, and L. bazini. itate communication, discussion, and other efforts (Caterino et al. 2000) . This is why we chose to sequence the COI gene as our Þrst goal for molecular identiÞcation in blow ßies. In addition, because COI is one of the longest sequences in the mitochondrial DNA, it can also provide much information for both phylogenetic analyses and species identiÞcation. We do not intend to over-interpret the cladogram in Fig.  2 as the "true" phylogeny, because basing the analysis on only one gene is insufÞcient to resolve this problem. However, using the techniques of phylogenetic analysis can help clarify the preliminary relationships among species for differentiating blow ßy species or different taxonomic categories. For instance, although COI sequences are very useful in separating different genera, they are highly conserved within species.
Traditionally, species-speciÞc molecular primers were designed for identifying species. Nevertheless, in Þeld situations, several insect species are almost always simultaneously collected at the same place. So, several individual speciÞc primers will be needed, and it does take time to perform several tests to answer the questions. By designing special combinations of primer characters, a molecular primer key can serve as a precise and convenient tool to avoid time-consuming procedures for identiÞcation purposes.
